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SUMMARY
This report covers work performed during the period August 1 through
October 31, 1970 under Phase II of NASA contract NAS5-11634.
Ranging tests were conducted with the transponders at Shannon, Ireland;
Gander, Newfou.idland; and Seattle, Washington. Two additional ground reference
transponders were completed, tested through the satellites, and ship,ied -- one
to Iceland and one to Buenos Aires. The two additional transponders 1tre not
furnished under the contract but will be used to gather ranging, propagation
and communication data useful to the contract. The measu.:ements will Le used
to determine the seasonal effects on ionospheric propagation, to evaluate the
effectiveness of ground reference transponders for correcting range measure-
ments for ionospheric propagation delays, and for evaluating the effects of
satellite position prediction errors on position determinations.
We participated in communications experiments with Pan American 747 air-
craft enroute between New York and Europe and New York and San Juan. The ex-
periments were coordinated by Aeronautical Radio, Inc. at Annapolis, N.aryland.
Other participants sometimes included Pan American Airways at Miami, Hughes
Aircraft at Los Angeles, and Boeing Aircraft at Seattle, Washington. Two 747
aircraft were used in the tests, each equipped with Bendix type RTA-42A equip-
ment and Boeing crossed slot antennas. The antenna of one of the aircraft is
cut for the ATS frequencies. The antenna of the other aircraft was cut for
the 125 and 131 MHz frequencies intended for operational use, but with the
antenna retuned to the ATS frequencies by a simple modification. Communications
with the aircraft were generally excellent although irregularities in the pat-
tern of the retuned antenna sometimes caused a loss of signal at certain azimuth
and elevation angles to the satellite. Severe scintillation was observed on the
link between ATS-3 and Schenectady during one communications experiment when the
aircraft with the retuned antenna was enroute from New York to Paris. Signals
recorded at Schenectady increased approximately 7 dB above their usual level
and sometimes dropped more than 30 dB below the usual level. The d±-ation of
the deepest fades was a fraction of a second. The effect of the scinti;lat:ons
was negligible when receiving the signals from the aircraft and other ground
stations using the 19 dB gain, 30 foot dish antenna at ;cnenectady. The ef-
fects would have been more severe with a 0 dB antenna, although the result3 of
that experiment are consistent with results of other data which show that Bach
an antenna would probably provide an approximately 10 dB fading margin. The
aircraft and the other ground terminals did not report any detrimental effects
to their communications caused by scintillation. Scintillation from ATS-3 was
also observed and recorded at Hamilton, Massachusetts by Air Force Cambridge
Research Laboratories.
The effects of sea reflection multipath on aircraft position accuracy were
investigated by comparing two-satellite position fixes with precision radar
fixes for an FAA aircraft flying at 5,000 and 20,000 feet over the Atlantic off
the coast of New Jersey. The elevation angles to the satellites for '->chenectady
and the aircraft were approximately 40 0 to ATS-3 and 2 0 to ATS-1. The results
are in general agreement with our expectation that multipath errors are larger
at higher altitudes due to the long delays of the reflected signal behiid the
direct signal and are less for antenr.a models that tend to reject signal; re-
flected from the sea.
All of the equipments used in the experiments have continued to operate
satisfactorily with a minimum of maintenance. There has been no adjustment `o
the internal time delay to any of the units since their installation. We have
not observed changes in time delay through any of the equipments which are com-
parable with the variations -I.n ionospheric propagation delay and satellite poei-
tion uncertainty.
A tone-code ranging responder was integrated with the VHF SATCOM equipment
aboard Q. Pan American 747 aircraft and successfully tested by two-satellite
ranging with the aircraft on the ground at J. F. Kennedy airport. Maintenance
and operational scheduling for the aircraft were such that we were unable to
make ranging tests to the aircraft while it was in flight.
There is a widespread interest in the work conducted on the contract and
presentations were made to the Eurospace Conference in Venice, Italy, to the
Office of Telecommunications Policy, to the EASCON Meeting in Washington, D.C.,
and results of the experiments are being used by an ASTRA Panel technical sub-
group.
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This report covers work performed during the period 1 August through 31
October 1970 under Phase II, Contract NAS5-11634. Previous reports covering
work under the contract are: Interim Report for VHF Ranging and Position
Fixing Experiment Using ATS Satellites, covering the period 25 November 1968
through 9 October 1969; and Periodic Progress Report for ATS Ranging and
Position Fixing Experiments, 1 May through 31 July 1970. A related experiment
is described in General Electric Report No. 70-C-198, "Ranging and Position
Fixing Experiments Using Satellites, Twenty-four Hour Ranging Test, March 13-
14, 1970".
During the period covered by this report, ranging tests continued with
the transponders at Shannon, Ireland; Gander, Newfoundland; and Seattle,
Washington.	 Communication experiments were conducted with Pan American 747
aircraft in flight between New York and Europe and between New York and San
Juan.	 Severe scintillation was observed at Schenectady during one of the
communications experimeuts with the 747 aircraft, and its effects on voice
signal reception were recorded. 	 The effects of sea reflection multipath on
aircraft position accuracy were investigated by comparing two-satellite posi-
tion fixes with precision radar fixes for an FAA aircraft flying at 5000 and
20,000 feet over the Atlantic off the coast of New Jersey.
A tone-code ranging responder was integrated with the VHF SATCOM equip-
ment aboard a Pan American 747 aircraft and successfully tested by two-satel-
lite ranging with the aircraft on the ground at J. F. Kennedy airport.	 Two
ground reference transponders were completed, tested through the satellites,
and prepared for shipment — one to Iceland and one to Buenos Aires. 	 The two
ground reference transponders are not furnished under the contract, but will
be used to gather ranging, propagation and communication data useful to the
contract.
There is a widespread interest in the work conducted on this contract.
Recent presentations of the work have included:
A paper presented at the Eurospace (4th United States-European Conference)
Meeting, September 25, 1970, Venice, Italy — "Progress and Goals for
Aeronautical Applications of Space Technology"
A presentation to the Office of Telecommunications on Policy, Washington, D.C.,
October 19, 1970.
Submission of Periodic Progress Report (May 1-July 31, 1970) and GE Report No.
70-C-198 to ASTRA Panel technical sub-group for use at the upcoming ASTRA
Panel meeting. (Permission for ,ise of Periodic Progress Report by ASTRA
Panel obtained verbally from E. Ehrlich, NASA Headquarters.)
An informal panel presentation at the EASCON Meeting, Washington, D. C.,
October 26, 1970.
A paper presented at the AIAA Meeting, Los Angeles, California, April 6-8, 1970,
"Experimental Evaluation of VHF for Position Fixing by Satellite", in re-
vised form, was submitted for publication in a forthcoming AIAA "Progress
Series" book.
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sDISCUSSION
Ionospheric Scintillation, October 15, 1970
Air Force Cambridge Research Laboratories reported severe scintillation
on the following dates and approximate times: October 13, 1970 (0100-0900 GMT);
October 14, 1970 (0200-0600 GMT); October 15, 1970 (0315-0600 GMT); October 16,
1970 (0200-0800 GMT). In each case the scintillation started and ended abruptly
at the approximate times listed. Figure 1 is a reproduction of the AFCRL signal
level recording for the October 15, 1970 data.
A Communications test with a Pan American 747 aircraft enroute from New
York to Parts was conducted between 0300 and 0600 GMT on October 15, 1970.
Ground terminals participating in the experiment were Aeronautical Radio, Inc.,
at Annapolis, Maryland; Pan American Airways, at Miami, Florida; Hughes Air-
craft, at los Angeles, California; Boeing Aircraft, at Seattle, Washington; and
the General Electric Radio-Optical Observatory at Schenectady, New York.
Severe scintill.-tion was observed at Schenectady between 0315-0318 GMT and
again at 0332 througl. 0615 GMT, when the satellite was turned off.
Neither the airplane nor any of the other ground terminals reported that
the scintillation produced noticeable effects on their communications.
Figure 2 ;.s a portion of the signal level recording made at the Observa-
tory, The recording ra the right hand portion of each chart was made from a
receiver attached to the 30 foot diameter antenna which has a net gain of 19
dB. The recording on the left hand portion of each chart was made from a re-
ceiver attached to an eight turn helical antenna, having a net gain of about
8.5 dB for the linearly polarized signals from the ATS-3 satellite, when line
losses are taken into account. Increasing signal level is toward the right on
the right hand channel and toward the left on the left hand channel. Some
portions of the chart recording show what appears to be a fading at a rate more
than once per second. It is due to spin modulation of the satellite, not to
scintillation.
The signal levels received from the aircraft and the other ground termin-
als are identified on the chart recording as follows: G2 - Goddard mobile
number 2, operated by Pan American at Miami; A/C - 747 aircraft enroute from
New York to Paris transmitting with 500 watts of power through a Boeing crossed
slot antenna designed for 125 and 131 MHz, but retuned with a simple modifica-
tion for the 135 and 149 MHz frequencies of ATE-3; B - Boeing at Seattle; A -
Aeronautical Radio at Annapolis, Maryland; LA - Goddard mobile at Los Angeles,
operated by Hughes Aircraft.
The voice communications received on the 30 foot antenna from the aircraft
and from all of the ground terminals were recorded on magnetic tape at the
Observatory. A copy of the recording, on a standard cassette, may be borrowed
from the General Electric Company for comparison with the chart recordings as
presented in this report.
Tae signal level without scintillation is approximately -98 dBm, when re-
ceiving with the 30 foot diameter antenna. During the scintillation the signal
level increased approximately 7 dB above the non-scintillating level, and it
dropped occasionally more than 30 dB below the non-scintillating level. The
drop-outs were always of very short duration. The 19 dB gain of the 30 foot
i
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dish provided a large fading margin so that the severe scintillation had very
little effect on the voice communications signals as we received them.	 If th3	 i3
antenna gain had been 0 dB, the drop-outs would have been more frequent.	 The
voice signals were detected when the signal dropped to about 30 dB below the
non-scintillating level, suggesting that a 0 dB antenna would have provided
approximately 10 dB fading margin.	 This is consistent with ot'.ier observations.
It is important to note that speech is highly redundant and that short
drop-outs do not have a significant effect on intelligibility. The effect on
other fo rnis of communication, such as digital which is less redundant, would
have to be considered in evaluating VHF communications performance when scin-
tillation is present.
€	 Equipment Status
i
All type 747 aircraft built by the Boeing Company are equipped with a
crossed-slot antenna designed for VHF satellite communications. The antennas
are cut for the frequency combination 125 and 131 MHz in accordance with the
frequency allocation plan described in Appendix III, ARINC Characteristic 566.
One Pan American aircraft, airframe number 739, has a crossed slot SATCOM an-
tenna cut for the ATS-1 and 3 frequencies; that is, transmission on 149.2 MHz
and reception on 135.6 MHz.
The SATCOM antenna on another Pan American aircraft, airframe 741, was
temporarily modified to retune it to the ATS frequencies. Although the antenna
was used in Successful communications experiments it was found to have irregu-
t	 larities in its pattern, as predicted by Boeing and Pan American, that caused a
degradation in signal level at certain aircraft headings and elevation angles
to the satellite.
All of the Pan American 747 aircraft are equipped with VHF communications
gear for direct air-to-ground communications using amplitude mouulation. They
can also be frequency modulated for satellite communications. The equipments
are built in accordance with ARINC Characteristic 566. At least two of the
aircraft, airframe 739 and 741, have flown with the full complement of equip-
ment for VHF satellite communications. The equipment was built by Bendix and
was designated RTA-42A. It includes a preamplifier for the receiver and a 500
F	 watt power amplifier for the transmitter.
As noted in the Periodic Progress Report for May 1 through July 31, 1970,
the responder unit was integrated with Bendix RTA-42A gear at Miami and bench
tested by interrogation from Schenectady through ATS-3. The responder was later
installed in Pan American 747 aircraft, airframe 739, with a different receiver-
=	 transmitter than the one used in the bench test at Miami. The initial tests
were unsuccessful because the audio signal level out of the receiver was im-
proper for the responder and the transmitter deviation was not properly adjusted
for the tone-code response.
The operating and maintenance schedule for the aircraft caused frustrating
delays in properly matching the responder unit and the RTA-42A transceiver.
The equipments were readjusted and a successful two-satellite ranging test was
made to the aircraft while it was on the ground at Kennedy airport on October 16,
2970. It has not been possible to schedule a flight test since that date.
,,
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Aeronautical Radio, Inc. has coordinated many voice communications tests
particularly with both the SATCOM equipped 747 aircraft. Voice communication
tests were conducted with airframe 741 with its retuned antenna on flights
between New York and Paris on October 15, 1970 and again between New York and
San Juan on October 22, 1970. The tone-code ranging responder was not in-
stalled in the 741 airframe and therefore it was not possible to make ranging
experiment: in addition to the voice communication tests. The scintillation
effects observed during the October 15 flight are described in another section
of the report.
No propagation disturbances were experienced during the October 22 flights
from New York to San Juan and return. Voice communications were excellent ex-
cept during sharply defined time periods when the signal levels into the air-
craft dropped below the level necessary to operate the squelch control of the
receiver. During those periods the aircraft did not receive signals from the
ground terminals. Boeing and Pan American attribute the signal drop-outs to
irregularities in the pattern of the retuned antenna. Goddard mobile number 2,
operated by Pan American at Miami, and the General Electric Radio-Optical Ob-
servatory were the only ground terminals in communication with the aircraft
during its return from San Juan.
The intelligibility and quality of the voice signals as received from the
aircraft are comparable to face-to-face communications. During the October 15
flight the Captain of the aircraft expressed his opinion that the voice signals
received from the satellite were as clear as the "side-tone", directly wired,
communications between crew members in the aircraft.
The performance of other equipments within the network of tone-code ranging
transponders continues to be satisfactory. The equipment at Shannon is located
in the sane building as the hf operational voice communications for the North
Atlantic. It is therefore in an area which is attended throughout the twenty-
four hour period each day. The unit is left in the stand-by mode at all times
so that it is available to respond automatically whenever it is interrogated
through the satellite with a tone-code ranging signal. The output power of
its transmitter is limited to 100 watts. It has experienced one tube failure
since its installation on April 28, 1970 and has once required a readjustment	 i
of its power amplifier outpu t_. It has provided a highly satisfactory and re-
liable communication link. It responds without attention when interrogated
for tone-code ranging, and a voice call to Shannon results in an immediate re-
sponse.
The 100 watts of rf power with the effective 9 dB gain of the helical
antenna does not quite saturate the satellite and the signals from Shannon are
consistently 1 or 2 dB below the signal levels from the Gander, Newfoundland
and Boeing-Seattle, Washington ground reference transponders which operate with
300 watts of radio-frequency power and with helical antennas identical to the
one at Shannon.
There has been no adjustment to the internal equipment time delay in any
of the units since their installation. They were installed on the following
dates: Gander. - February 17, 1970; Shannon - April 28, 1970; Seattle - July 13,
1970. We have not observed changes in the time delay through any of the equip-
ments which are comparable with the variations in ionospheric propagation delay
and in satellite position uncertainty. The checks are made by comparing the
measured propagation delay including the equipment delay with the propagation
delay computed on the free space propagation velocity of light for the distance
between the predicted position of the satellite and each ground terminal.
9
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Equipment time delay changes of a few microseconds would be readily appar-
ent from this comparison.. An equipment time delay change smaller than a few
microseconds can be determined only after a study of satellite prediction un-
certainty for the specific measurement times and for a study
 of the ionospheric
propagation delay at those times. It would require measu-ements taken through-
out the diurnal changes in satellite position and ionospheric propagation. We
expect tu compare data taken at intervals of several months to determine the
magnitude of the equipment time delay variations. As the equipment time delay
variations are not apparent in the presence of ionospheric propagation delay
variations and errors in satellite position prediction, we conclude and feel
that we have demonstrated that narrow bandwidth ranging equipment can be built
and operated with long-term stability consistent with the objective of achieving
a 1 nautical mile, 1 sigma position fix accuracy by range measurements to mobile
craft from geostati.onary satellites.
f
Sea Reflection Multipath
The effects of sea reflection multipath on position fixes determined by
range measurements from two satellites were tested experimentally by a flight
off the coast of New Jersey on July 21, 1970. A DC-6 aircraft of the Federal
Aviation Administration was flown at two flight levels, 5000 feet and 20,000
feet, in Warning Area 107 east of Atlantic City, New Jersey. The aircraft was
located by ranging measurements from ATS-1 and ATS-3 satellites and was simul-
taneously tracked by the FAIR Precision Radar of the FAA.
The aircraft was equipped with a General Electric radio receiver-transmitter
modified to have a minimum change in time delay with signal amplitude. A tone-
code ranging responder was attached between the receiver and transmitter. The
aircraft was equipped with a Dorne and Margolin Satcom antenna and also a VHF
blade antenna top mounted on the aircraft. It is the same aircraft and equip-
ment that were used in the North Atlantic flight test, including the test at
Shannon, Ireland as described in the Periodic Progress Report for May 1 through
July 31, 1970.
Tables 1 and 2 list the position fixes as determined by two-satellite rang-
ing and also by the precision radar together with the difference in the radar
and satellite position fixes. The directions listed with the differences indi-
cate the approximate direction from the radar fix to the satellite fix.
The elevation angles to the satellites for Schenectady and the aircraft
were approximately 400
 to ATS-3 and 2 0 to ATS-1.
The aircraft positions determined by two-satellite ranging in Tables 1 and
2 and Figures 3 and 4 do not include long-term effects due to satellite predic-
tion error, ionospheric propagation delay changes or equipi..ent time delay changes,
because the equipment time delay was calibrated with respect to fixes made on
July 21 within the same interrogation period as the data.
The results, as summarized in Table 3, are in general agreement with our
expectation that the multipath errors are larger at higher altitudes due to the
long delay of the reflected signal behind the direct signal and are smaller for
antenna modes that tend to reject the signal reflected from the sea. A theoreti-
cal analysis of multipath effects is contained in Interim Report for VHF Ranging
and Position Fixing Experiments Using ATS Satellites.
10
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TABLE 1
DC-6 AIRCRAFT AT 5.000 FEET, WA107
SATELLITE
EAIR RADAR FIX POSITION FIX
TIME (GMT) LATITUDE LONGITUDE LATITUDE LONGITUDE ANTENNA DIFFERENCE
15 16 50 38 39 56 73 09 37 38 38 37 73 10 35 C 1.5 SW
15 1659 38 40 15 73 09 57 38 3937 73 10 41 0.8 SW
15 17 11 38 40 53 73 10 11 38 40 41 73 10 16 A•.4	 0 0.2 SSW
15 17 20 38 41 26 73 10 23 38 41 31 73 08 17 ¢ 1.5 E
15 17 32 38 41 55 73 10 49 38 41 06 73 11 01 - T- 0.8 SSW
15 17 38 38 42 13 73 10 58 38 42 09 73 11 30 0.4 W
15 17 41 38 42 17 73 11 07 38 42 13 73 10 01 0.7 E
15 17 44 38 42 29 73 11 09 38 43 09 73 10 23 0.8 NE
15 17 47 38 42 38 73 11 13 38 42 31 73 10 22 0.6 E
15 17 53 38 42 52 73 11 27 38 41 50 73 13 31 1.8 WSW
15 17 56 38 43 18 73 11 16 38 42 24 73 12 29 1.2 SW
15 18 02 38 43 30 73 11 29 38 42 38 73 11 30 0.9 S
15 18 05 38 43 37 73 11 35 38 43 22 73 10 58 ^ 0.5 ESE
15 18 08 38 43 52 73 11 34 38 43 21 73 11 03 a^i 0.6 SE
15 18 11 38 44 04 73 11 37 38 43 23 73 11 ^7 0.6 S
15 18 17 38 44 24 73 11 44 38 43 39 73 11 20 .4 0.8 SSE
15 18 38 38 45 07 73 12 32 38 45 14 73 11 55 0 0.4 E
15 18 41 38 45 15 73 12 37 38 44 08 73 12 15 °s^° 1.2 SSE
15 18 47 38 45 32 73 12 46 38 45 16 73 12 35 0.3 SE
15 18 53 38 45 46 73 12 59 38 45 12 73 12 37 0.6 SE
15 18 56 38 45 5i 73 13 01 38 46 07 73 12 18 0.6 ENE
15 18 59 38 46 02 73 13 10 38 45 28 73 13 05 0.7 S
15 19 02 38 46 10 73 13 15 38 45 42 73 12 39 q° 0.6 SE
15 19 05 38 46 19 73 13 20 38 46 15 73 13 04 0.2 E
15 19 08 38 46 29 73 13 24 39 46 51 73 12 23 0.8 ENE
15 19 23 38 47 16 73 13 46 38 47 04 73 13 28 0.3 SE
15 19 26 38 47 31 73 13 45 38 47 22 73 13 16 0.4 SE
15 19 36 38 47 58 73 14 01 38 48 13 73 14 23 0.4 NW
15 19 51 38 48 56 73 14 14 38 48 51 73 13 10 0.8 E
15 19 54 38 49 02 73 14 20 38 49 19 73 14 51 0.4 NW
15 19 57 38 49 15 73 14 21 38 48 44 73 12 40 1.3 ESE
15 20 00 38 49 22 73 14 27 38 49 08 73 14 53 0.4 SW
15 20 15 38 49 57 73 14 57 38 49 32 73 16 07 0.9 WSW
15 20 27 38 50 29 73 15 18 38 50 14 73 15 57 0.5 WSW
15 21 30 38 53 33 73 16 58 38 53 11 73 16 30 0.5 SE
15 21 42 38 54 06 73 17 19 38 53 15 73 17 51 0.9 SSW
15 21 45 38 54 14 73 17 25 38 54 19 73 17 03 0.2 ENE
15 21 48 38 54 25 73 17 28 38 53 50 73 17 40 0.6 SSW
15 21 51 38 54 32 73 17 34 38 53 57 73 17 20 0.6 SSE
15 21 54 38 54 43 73 17 37 38 54 03 73 18 51 1.1 WSW
15 22 00 38 54 57 73 17 48 38 54 27 73 17 41 0.5 S
15 22 12 38 55 33 73 18 08 38 55 25 73 17 53 0.2 SE
15 22 15 38 55 43 73 18 11 38 54 58 73 18 11 0.7 S
15 22 18 38 55 51 73 18 17 38 55 28 73 18 04 Q 0.4 SSE
15 22 21 38 56 01 73 18 20 38 55 09 73 18 16 .d 0.8 S
15 22 24 38 56 09 73 18 26 38 55 47 73 18 14 0.4 SSE
15 22 33 38 56 36 73 18 41 38 56 28 73 20 14 1.1 W
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SATELLITE
EAIR RADAR FIX POSITION FIX
TIME GYT LATITUDE LONGITUDE LATITUDE LONGITUDE ANTENNA DIFFERENCE
15 22 39 38 56 55 73 18 49 38 56 44 73 17 47 9 0.7 ESE
15 22 42 38 57 07 73 18 51 38 57 16 73 18 38 0.2 NE
15 22 45 38 57 i6 73 18 56 38 56 44 73 18 37 c 0.6 SSE
15 22 48 38 57 24 73 19 01 38 57 29 73 19 19 0.2 WNW
15 22 51 38 57 30 73 19 08 38 58 08 73 19 17 ,^ 0.6 NNW
15 23 00 38 57 55 73 19 24 38 57 45 73 19 31 0.2 SW
15 23 06 38 58 15 73 19 31 38 56 51 73 19 41 1.4 S
15 23 09 38 58 20 73 1S 39 38 57 53 73 19 11 0.5 SE
15 23 12 38 58 27 73 19 44 38 58 30 73 18 19 1.0E
15 23 57 39 00 46 73 20 53 39 00 00 73 22 18 1.3 SW
15 24 42 39 02 58 73 22 08 39 01 40 73 23 17 1.6 SW
15 25 06 39 04 06 73 22 48 39 04 45 73 22 03 0.9 NE
15 25 12 39 04 24 73 22 57 39 04 11 73 23 09 0.3 SW
15 25 18 39 04 42 73 23 07 39 04 04 73 22 59 0.7 S
15 25 33 39 05 27 73 23 31 39 04 t8 73 24 36 1.3 SW
15 25 36 39 05 35 73 23 36 39 04 52 73 23 21 0.8 SSE
15 25 45 39 06 01 73 23 51 39 06 09 73 24 39 0.6 W
15 26 12 39 07 22 73 24 32 39 07 13 73 26 05 1.1 W
15 25 24 39 08 02 73 24 50 39 08 14 73 25 40 0.6 WNW
i.> 27 45 39 11 57 73 26 57 39 10 50 73 26 44 1.1 SSE
15 27 48 39 12 06 73 27 01 39 10 36 73 25 20 1 i.9 SE
15 28 31 39 14 10 73 28 07 39 12 54 73 31 11 2.5 WSW
15 28 34 39 14 17 73 28 12 39 13 46 73 30 04 1.4 WSW
15 28 40 39 14 35 73 28 21 39 13 51 73 27 30 0.9 SE
15 28 43 39 14 43 73 28 26 39 14 05 73 29 11 0.8 SW
15 28 46 39 14 54 73 28 30 39 14 01 73 28 52 0.9 SSW
15 28 49 39 15 02 73 28 35 39 14 12 73 29 34 1.1 SW
15 28 52 39 15 11 73 28 40 39 14 13 73 28 57 0 0.1 SSW
15 28 58 39 15 29 73 28 49 39 15 01 73 29 42
z
0.8 SW
15 29 12 39 16 09 73 29 10 39 15 40 73 29 03 i 0.5 S
15 29 15 39 16 19 73 29 14 39 15 36 73 29 59 0.9 SW
15 29 18 39 16 28 73 29 19 39 15 16 73 29 01 N 1.2 SSE
15 29 21 39 16 36 73 29 23 39 16 03 73 29 27 0.6 S
15 29 27 39 16 53 73 29 33 39 15 46 73 28 53 1.2 SSE
15 29 30 39 17 02 73 29 37 39 16 08 73 30 36 0 1.2 SW
15 29 36 39 17 21 73 29 45 39 16 31 73 29 30 °►.° 0.8 SSE
15 29 42 39 17 39 73 29 54 39 17 20 73 29 46 0.3 SSE
15 29 45 39 17 45 73 29 59 39 17 09 73 30 42 ka 0.8 SA
15 29 48 39 17 55 73 30 03 39 17 34 73 30 50 v 0.7 sW
15 29 51 39 18 04 73 30 07 39 17 59 73 29 35 ►^+ 0.4 E
15 30 00 39 18 30 73 30 22 39 17 27 73 31 52 A 1.5 SW
15 30 03 39 18 39 73 30 26 39 18 28 73 30 47 0.3 SW
15 30 09 39 18 56 73 30 35 39 19 07 73 31 06 0.4 WNW
15 30 15 39 19 14 73 30 43 39 16 45 73 29 21 2.6 SSE
15 30 18 39 19 22 73 30 48 39 17 53 73 32 06 1.8 SW
15 30 27 39 19 47 73 31 02 39 19 17 73 31 42 0.7 SW
15 30 36 39 20 14 73 31 16 39 20 01 73 3i 20 0.2 S
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TABLE 2
DC-6 AIRCRAFT AT 20.000 FEET, WA1O7
SATELLITE
EAIR RADAR FIX POSITION FIX
TIME (GMT) LATITUDE LONGITUDE LATITUDE LONGITUDE ANTENNA DIFFERENCE
14 32 13 38 44 31 72 52 42 38 46 29 72 51 36 A_ 2.2 NE14 32 22 38 45 05 72 53 01 38 46 09 72 54 23 1.5 NW
14 32 58 38 47 27 72 54 19 38 49 20 73 54 45 1.5 NNW
14 33 01 38 47 38 72 54 26 38 47 30 72 53 52 0.4 ESE
14 33 07 38 48 01 72 54 40 38 50 00 72 54 04 1.7 NNE
14 33 16 38 48 36 72 54 59 38 49 57 72 54 35 1.4 NNE
14 33 25 38 49 09 75 55 20 38 50 40 72 54 37 1.6 NNE
14 33 28 38 49 21 72 55 27 38 50 54 72 54 42 °ai 1.6 NNE
14 33 37 38 49 55 72 55 48 38 51 27 72 55 59 1.5 N
14 33 43 38 50 15 72 56 06 38 50 00 72 54 38 1.1 E
14 33 52 38 50 43 75 56 32 38 50 54 72 57 03 0.4 WNW
14 33 55 38 50 53 72 56 41 38 51 42 72 55 05 1.4 Ni.
14 34 22 38 52 23 72 57 60 38 52 40 72 57 44 0,3 NE
14 34 25 38 52 32 75 58 09 38 53 05 72 57 08 0.9 ENE
14 34 43 38 53 32 75 59 01 38 53 45 72 57 43 0.9 E
14 34 55 38 54 12 72 59 35 38 54 04 72 59 07 0.3 E
14 35 13 38 55 11 73 00 26 38 56 01 73 01 12 1.0 NW
14 35 16 38 55 22 73 00 35 38 55 21 73 00 39 0.1 W
14 35 22 38 55 42 73 00 52 38 55 10 73 01 20 0 0.6 SW
14 35 40 38 56 43 73 01 43 38 56 49 73 00 41 0.7 E
14 35 46 38 57 03 73 01 60 38 56 33 73 00 57 0.9 SE
14 35 55 39 57 33 73 02 25 38 59 14 73 02 54 1.7 NNW
14 36 13 38 58 33 73 03 17 38 58 51 73 02 29 N 0.6 ENE
14 36 19 38 58 54 73 03 34 38 58 44 73 02 32 0.7 ESE
14 36 31 38 59 34 73 04 06 39 00 54 73 03 59 a 1.3 N
14 36 34 38 59 45 73 04 16 39 00 24 73 04 46 0 0.7 NW
14 36 40 39 00 04 73 04 34 38 58 60 73 03 32 w 1.3 SE
14 38 21 39 05 43 73 09 24 39 05 16 73 08 53 y'! 0.6 SE
14 38 48 39 07 12 73 10 43 39 07 27 73 10 56 0.3 NW
14 38 51 39 07 23 73 10 51 39 07 56 73 10 54 d 0.5 N
14 38 54 39 07 32 73 10 60 39 08 54 73 10 01 1.5 NE
14 38 57 39 07 43 73 11 08 39 06 57 73 12 34 1.3 WSW
14 39 09 39 08 23 73 11 43 39 09 35 73 12 03 1.2 NNW
14 39 15 39 08 42 73 12 01 39 08 31 73 11 34 0.3 ESE
14 39 18 39 08 51 73 12 10 30 09 03 73 10 45 1.0 E
14 40 30 39 12 50 73 15 40 39 15 05 73 14 14 2.5 NE
14 40 48 39 13 50 73 16 33 39 13 45 73 1.5 26 0.8 E
14 40 57 39 14 19 73 16 60 39 14 49 J3 16 60 0.5 N
14 41 G3 39 14 37 73 17 18 39 14 59 73 18 26 ,, 0.9 WNW
14 41 06 39 14 48 73 17 27 39 14 47 73 17 22 0 w 0.1 E
14 4? 15 39 15 17 73 17 53 39 16 27 73 16 53 w c 1.4 NE
14 41 18 39 15 26 73 18 03 39 16 33 73 17 51 1.1 N
14 41 24 39 15 45 73 18 21 39 15 21 73 19 41 1.0 WSW
14 41 41 39 16 43 73 19 15 39 15 44 73 17 22 1.5 SE
14 41 48 39 17 04 73 19 33 39 16 54 73 18 39 N 0.6 E
14 41 51 39 17 13 73 19 41 39 17 06 73 17 39 _ 1.4 E
1
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SATELLITE
EAIR RADAR FIX POSITICN FIX
TIME (GMT) LATITUDE LONGITUDE LATITUDE LONGITUDE ANTENNA DIFFERENCE
14 42 06 39 18 02 73 20 27 39 17 46 73 20 34 a 0.3 SSW
14 42 24 39 19 00 73 21 20 39 20 11 73 20 07 1.5 NE
14 42 27 39 19 10 73 21 29 39 19 38 73 18 46 ,_"° ,, 2.0 ENE
14 42 54 39 20 40 73 22 47 39 20 52 73 22 09 0.5 ENE
14 45 24 39 28 53 73 30 13 39 28 30 73 33 36 a, 2.5 W
14 45 48 39 30 10 73 31 25 39 28 56 73 32 37 0 1.5 SW
14 46 03 39 30 59 73 32 11 39 31 35 73 33 04 0.9 NW
14 46 12 39 31 28 73 32 38 39 31 39 73 32 16 0.3 ENE
14 46 21 39 31 58 73 33 04 39 31 54 73 34 11 a 0.8 WE
14 48 16 39 38 09 73 38 48 39 37 04 73 39 47 a 1.3 SW	 3
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FIGURE 3. DIFFERENCES - RADAR AND SATE11ITE FIXES
DC-6 AIRCRAFT AT 5,000 FEET, WA107
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FIGURE 4. DIFFERENCES - RADAR AND SATELLITE FIXES
DC-6 AIRCRAFT AT 20,000 FEET, WA107
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NEW TECHNOLOGY
There is no applicable data to be reported at this time.
PROGRAM FOR NFXT REPORTING PERIOD
The Federal Aviation Administration and the General Electric Company are
planning a flight test with two aircraft of the FAA flying parallel paths or
slowly diverging paths. The DC-6 aircraft will be equipped with one tone-code
ranging transponder and the KC-135 aircraft will be equipped with another. The
aircraft will fly in Warning Area 107 at 20,000 feet and at 5000 feet. An at-
tempt will be made to fly the two aircraft at the same speed starting with the
the aircraft at a separation distance of one or two miles. They will fly in
parallel tracks or the tracks will slowly diverge as the aircraft fly along
headings approximately at right angles to the direction to the satellites. A
similar flight will be made with the aircraft moving in a direction toward or
away from the satellite-and a similar test will be performed over land. The
aircraft will be tracked by two-satellite ranging and also by the Precision
EAIR Radar at NAFEC. The test results will indicate safe aircraft separations
for satellite tracking in the presence of multipath reflections from the sea at
two aircraft altitudes. The results will be compared with data taken on the
flight over land where it is expected that the multipath effects will be smaller 	 y
because land has a lower reflection coefficient than the sea surface.
A twenty-four hour propagation test is tentatively planned with NASA and
the FAA. The DC-6 ircraft may be used for a dedicated flight to Thule, Green-
land. While the aircraft is or. the ground at Thule, a helical antenna will be
mounted and pointed toward the satellite to provide a high northern latitude
location for a ground reference transponder while tone-code ranging measure-
ments are made through ATS-3 to Shannon, Thule, Gander and Seattle. If the
ground reference transponders are installed at Iceland and Buenos Aires by the
time the twenty-four hour test is conducted, they would also be included in the
propagation test.
A severe solar disturbance was reported in late October. Ranging measure-
ments were made from ATS-3 to Shannon, Gander, Schenectady and Seattle at inter-
vals throughout the twenty-four hours of each day on October 29, 30, 31 and
November 1 and 2. During selected periods ranging measurements were made
through ATS-1 to Schenectady and Seattle. The measured ranges will be compared
with the computed slant ranges from the satellites to the ground terminals for
each of the measurement periods. The differences between the computed and
measured ranges will be plotted to determine the diurnal effects of the iono-
sphere on each of the days. The results will also be compared with data from
other sources such as electron content variations based on Faraday rotation as
determined by Air Force Cambridge Research Laboratories. The results will be
used to provide a further evaluation of the technique for corre .-ting ionospheric
propagation delays by the use of ground reference transponders.
Ranging and position fixing measurements will be made to the Pan American
747 aircraft when Pan American and Aeronautical Radio, Inc. can schedule the
tests.
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CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Position Fixing
1. The test results continue to support previous estimates of absolute
position fix accuracy of one nautical mile, one sigma for craft
within 600 nautical miles of a ground reference transponder, and
suggest the distance may be greater -- perhaps more than 900 nautical
miles. The test results indicate relative accuracy of one nautical
mile, one sigma, without ground reference stations for craft within
approximately 900 nautical miles of each other, and absolute accuracy
of approximately two nautical miles, one sigma, without ground
reference transponders.
2. Sea reflection multipath causes larger variations in individual
position fix determinations than any other effects of the experiment.
As expected the effects are worse at high aircraft altitudes. It will
be necessary to use antennas and signal polarization that will dis-
criminate against the sea reflected signal if one nautical mile, one
sigma position fix accuracy is to be achieved for aircraft at high
altitudes at VHF using modulation bandwidths which are no wider than
voice signal bandwidths.
Communications Performance
Voice communications between aircraft and ground terminals through the
satellites are far superior to hf communications. Severe scintillation on the
down-link from the satellite to a ground terminal with a large antenna need
not be disruptive to voice as received at the ground terminal or at the air-
craft. It may be however that there was no scintillation on the down-link
from the satellite to the aircraft during the test on which this conclusion
is based. We did not measure the effects of scintillation on digital data.
Irregularities in aircraft antenna patterns can cause signal loss when operating 	 3
with the fading margins used in the ATS-1, 3 VHF experiments.
Recommendations
1. The program should proceed as planned to obtain ranging data using
the 747 aircraft, additional propagation data using the ground refer-
ence transponders, and relative position accuracy measurements for
two aircraft in flight.
2. The ability to track a ship in a confluence area should be tested by
placing a transponder on a ship in Seattle and tracking its position
by satellite relative to the ground reference transponder as the ship
moves out of the harbor and is tracked accurately by independent means.
3. An L-band transmission capability should be added to a VHF transponder
and comparisons of VHF and L-band should be made using the ATS-5
satellite together with ATS-1 or ATS-3.
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